Severe weight loss (SWL) was defined as BMI loss ≥7 %. Thirty-nine (10.7 %) cases were enrolled in SWL cohort and found to have higher incidence of diarrhea (P = 0.033), renal disorder (P = 0.033) and grade 3-4 radiation proctitis (P = 0.041). Although no significant difference was found in 3-year DFS, patients in SWL cohort showed significantly worse 3-year OS rate (71.8 vs 88.0 %, P = 0.030) than the others. In univariate analysis, BMI loss ≥7 %, completed dose of preoperative chemotherapy, pathologic T and N stages were correlated with OS (all P < 0.05). In multivariable analysis, BMI loss ≥7 % (HR 1.984; 95 % CI 1.061-3.709; P = 0.032) remained the independent prognostic factor for OS. Conclusions Our results demonstrate that SWL during preoperative CRT indeed compromises survival outcome in patients with LARC. Routine nutritional monitoring and nutritional support during preoperative CRT are suggested as the integral part of the multidisciplinary approach for these patients.
Introduction
Preoperative chemoradiotherapy (CRT) followed by total mesorectal excision (TME) has been demonstrated as the effective treatment pattern for patients with locally advanced rectal cancer (LARC) (Bosset et al. 2006; Sauer et al. 2004) . Although most of these patients could achieve improvement of local disease control and sphincter preservation, a proportion of patients failed to benefit from preoperative CRT (Diaz-Gonzalez et al. 2006; Kong et al. 2012) . Therefore, it is necessary to identify risk factors associated with prognosis and individualize the therapy based on the oncologic outcome analysis. In addition to tumor factors, many studies supported the idea that poor nutritional status before and during anti-tumor treatment could compromise prognosis in some types of cancer (Cooper et al. 2015; Iseki et al. 2015; Sakurai et al. 2016) .
Body mass index (BMI), as a crucial indicator in the assessment of nutritional status, is easy to measure with low cost and may be associated with mortality of patients suffering from cancer (Parr et al. 2010; Reeves et al. 2007) . Recently, lower preoperative BMI has been identified as a risk factor for poor prognosis of rectal cancer (Adachi et al. 2015; Uratani et al. 2015) . Since malnutrition commonly occurred during chemotherapy and radiotherapy, the changes in nutritional status during treatment should be taken into consideration (Gudny Geirsdottir and Thorsdottir 2008; Koom et al. 2012) . To date, data remain limited about the impact of weight loss during neoadjuvant treatment on long-term survival for LARC patients. We hypothesized that severe weight loss during preoperative CRT resulted in a worse patient's survival. Herein, we conducted this retrospective study to investigate the association of weight loss during preoperative CRT and the survival outcome in patients with LARC.
Patients and methods

Patient selection
Patients with LARC undergoing preoperative CRT followed by total mesorectal excision at Sun Yat-sen University Cancer Center during March 2003-April 2013 were retrospectively identified. Enrolled patients met the following inclusion criteria: (1) histologically confirmed rectal adenocarcinoma; (2) T3-4 or N+ disease initially; and (3) radical resection for rectal tumor. The exclusion criteria were as follow: (1) missing height and weight records of pre-or post-CRT; (2) metastatic disease before or during preoperative treatment; and (3) other active malignancy (except for basal cell carcinoma of the skin). Patient demographic, preoperative and postoperative treatment, CRT toxic reaction and follow-up results were reviewed in detail from the medical records and the follow-up system. Current study was undertaken in accordance with the ethical standards of the World Medical Association Declaration of Helsinki. A waiver of informed consent was requested, and the approval was obtained from independent ethics committees at Sun Yat-Sen University Cancer Center.
Treatments
All patients underwent preoperative CRT in the parallel pattern. Irradiation was scheduled in total dose of 46.0-50.40 Gy to the pelvic area, delivered in fractions of 1.8 or 2.0 Gy daily on five consecutive days per week during 6 weeks. Concurrent chemotherapy regimen was administered as follow: XELOX regimen (oxaliplatin 130 mg/m 2 on day 1 and capecitabine 1000 mg/m 2 twice daily on days 1-14 were given for 3 week-cycle); or FOLFOX6 regimen (oxaliplatin 85 mg/m 2 and leucovorin 400 mg/m2 were administered on day 1, 5-FU was injected intravenously 400 mg/m 2 on day 1 and then administered 2400 mg/m 2 by intravenous infusion on days 1 and 2 for 2 week-cycle); or capecitabine only (capecitabine 825 mg/m 2 was given twice daily during radiotherapy without weekend breaks). All patients underwent radical TME resection 6-8 weeks after the end of the preoperative radiotherapy. The recommended oxaliplatin-based adjuvant chemotherapy started 3-6 weeks after surgery.
Measurements
Height and weight of overall patients were measured 1 day before CRT and surgery. BMI was calculated as weight (kg)/height square (m 2 ), and its relative change was generated. BMI level was defined according to the Chinese standard (Zeng et al. 2014 ): higher BMI (overweight or obese), >24 kg/m 2 ; normal BMI, 18.5-24 kg/m 2 ; and lower BMI (underweight), ≤18.5 kg/m 2 . Pretreatment staging was determined by endorectal ultrasound (EUS), chest and abdominopelvic computed tomography scanning (CT) and/ or pelvic magnetic resonance imaging (MRI). Acute toxicities during CRT were graded according to the National Cancer Institute Common Toxicity Criteria (NCI CTC) version 4.0. Pathological assessments of the resected specimens were confirmed according to tumor-node-metastasis (TNM) classification by two independent pathologists. Pathologic complete response (pCR) was defined as follow: the absence of viable tumor cells with only fibrotic masses or a cellular mucin pools present in area of primary tumor and lymph nodes (Mandard et al. 1994 ).
Follow-up
The primary endpoint was overall survival (OS), and the secondary endpoints were disease-free survival (DFS). OS was defined as time length from operation to death from any cause, while DFS was defined as the interval from tumor resection to disease recurrence. All patients were observed through subsequent visit every 3 months for 2 years and then semiannually until 3 years after surgery. Evaluation included clinical examination, carcinoembryonic antigen (CEA) level, abdominal ultrasonography and chest radiograph. A chest computed tomography (CT), abdominal/pelvic magnetic resonance (MRI) and colonoscopy were performed annually. The last follow-up visit occurred in March 2016.
Statistical analysis
Clinical data were analyzed using Statistical Package for the Social Sciences (SPSS, version 17.0, Chicago, IL). Continuous variables were presented as mean (standard deviation, SD) or median (range), which were compared using Student t test or Mann-Whitney test. Categorical variables were given as percentage and then compared by applying Chi-square test or Fisher's exact between groups, when appropriate. Receiver operating characteristic curve (ROC) analysis was used to determine the cutoff point of BMI change according to OS. The OS and DFS rates were estimated by the Kaplan-Meier method, and differences between the two groups were assessed by the log-rank test. Variables proved statistical significance in univariate Cox models were further assessed by multivariate Cox models. The multivariate Cox proportional hazards model was used to identify independent prognostic factors for OS, and the hazard ratios (HRs) and confidence intervals (CIs) were calculated. All statistical tests were two-sided, and the significant level was set at 0.05.
Results
Patient characteristics and cutoff point for weight loss
A total of 364 patients were enrolled. The characteristics of BMI and body weight for these patients are shown in Table 1 . Initially, 40 (11 %) patients were underweight, while 108 (29.7 %) were overweight. BMI and weight significantly decreased during CRT, especially for overweight patients, and BMI loss was found in 243 patients (66.2 %).
The receiver operating characteristic (ROC) analysis indicated the optimal cutoff value of BMI change for OS was 7 % (P = 0.031, Fig. 1 ). Therefore, severe weight loss (SWL) during CRT was defined as BMI loss ≥7 %. As a result, 39 (10.7 %) patients with BMI loss ≥7 % were included in the SWL cohort, while the others with BMI loss <7 %, no BMI loss or even BMI gain during CRT were grouped into non-severe weight loss (non-SWL) cohort.
Patients in SWL cohort seemed to be older than those in non-SWL cohort (62 vs 55 years, P = 0.007). Despite of age, clinical characteristics of the two groups including gender distribution, baseline BMI, distance of inferior tumor margin from the anal verge (DAV), tumor size and pretreatment TNM stage were comparable (Table 2 ). In addition, there was no significant difference in the pathological outcome after CRT and surgical resection between the two groups.
Treatment characteristics and chemoradiotherapy toxicity
In regard to treatment parameters of preoperative CRT and surgery, no significant difference was found between SWL and non-SWL cohorts, as presented in Table 3 . However, a smaller proportion in SWL cohort received postoperative chemotherapy (69.2 vs 83.4 %, P = 0.030), and a shorter duration of chemotherapy was delivered (10.5 vs 12 weeks, P = 0.019), compared to that in non-SWL cohort.
Treatment-related adverse events during preoperative CRT are shown in Table 4 . Despite similar incidence in the majority of the adverse events, patients with BMI loss ≥7 % had significantly higher occurrence rate of diarrhea (48.7 vs 31.4 %, P = 0.033), renal disorder (5.1 vs 0.6 %, P = 0.033) and severe (grade 3-4) radiation proctitis (7.7 vs 1.8 %, P = 0.041).
Survival outcomes and severe weight loss
A total of 83 (22.8 %) patients ultimately developed postoperative recurrences during a median 47.8-month followup (range 4-130 months). The 3-year DFS and OS rate Fig. 3a) , showed any statistical difference. Similarly, no significant difference was found according to the post-CRT BMI (DFS: P = 0.820 and OS: P = 0.305). Although no significant difference was found in the 3-year DFS (81.1 vs 83.7 %, P = 0.655; Fig. 2b ), patients in SWL cohort had significantly worse 3-year OS compared to non-SWL cohort (71.8 vs 88.0 %, P = 0.030; Fig. 3b ). As shown in Table 5 , univariate analysis revealed that BMI loss ≥7 % during preoperative CRT (1.961; 95 % CI 1.055-3.647; P = 0.030), completed dose of preoperative chemotherapy ≤50 % and advanced pathologic T and N stages were associated with poor OS. The multivariate analysis subsequently demonstrated that all factors above including BMI loss ≥7 % (HR 1.984; 95 % CI 1.061-3.709; P = 0.032) were independent prognostic factors for OS.
Discussion
It is now clear that cancer survival is determined not only by tumor pathology but also by host-related factors, in particular, nutritional status and systemic inflammation (Bachmann et al. 2015; Read et al. 2006) . Previous studies have addressed the impact of pretreatment BMI on rectal cancer patient's outcomes (Campbell et al. 2012; Hede et al. 2015) . Moreover, it has been reported that severe weight loss after treatment increased the risk of cancer recurrence and mortality in endometrial cancer and triple-negative breast cancer (Bao et al. 2016; Matsuo et al. 2016) . However, the correlation of weight loss during preoperative CRT and survival outcome of LARC patients is not yet established. In this study, we found that severe weight loss during preoperative CRT was the independent risk factor for 3-year OS in LARC patients, instead of the baseline or post-CRT BMI. Several reasons could contribute to the association between weight loss and poor survival outcome. Of these, the most critical reason is the impact of nutrient on cancer development. Polyunsaturated fatty acids (PUFAs), as one series of essential fatty acids, have been confirmed of having anti-tumor effects by inducing tumor cell apoptosis and inhibiting cell proliferation (Song et al. 2011; Xu and Qian 2014) . Weight loss during preoperative CRT is always accompanied by insufficient fatty acids intake, which impairs the therapy effects. On the other hand, the role of immuonutrition is recognized as an important factor in modulating cancer progression. Mounting evidence showed that certain dietary nutrients were associated with the development of different types of cancers either by enhancing the immune system or by exerting an immunosuppressive effect (Valdes-Ramos and Benitez-Arciniega 2007; Yaqoob and Calder 2007) . Previous study revealed that once weight loss occurs during treatment, immune function might be impaired, especially cell-mediated immunity (Fontana et al. 2007 ). Another crucial factor for decreased Fig. 1 Comparison of different cutoff points of BMI loss based on overall survival outcome by a area under the curve (AUC) and b the minimal P value survival outcome in patients with SWL during CRT is possibly the different compliance of postoperative chemotherapy. In our study, a significant lower proportion of patients in SWL cohort received postoperative chemotherapy, and these patients even had a shorter duration of chemotherapy, suggesting that the malnutrition status during CRT could compromise postoperative treatment compliance, which might influence the survival outcome.
As for the cause of weight loss, CRT-related toxicity may account for that. Our study showed that patients with BMI loss ≥7 % experienced higher incidence of diarrhea, renal disorder and grade 3-4 radiation proctitis during preoperative CRT. Similarly, Arrieta et al. (2010) noted that chemotherapy-induced toxicity in non-small cell lung cancer (NSCLC) patients treated with paclitaxel and cisplatin was associated with malnutrition and hypoalbuminemia. Recently, many studies found that patients with malnutrition or weight loss ≥5 % during chemotherapy had higher risk of severe gastrointestinal toxicity, thus suggesting that evaluation of nutritional status was helpful in identifying patients at higher risk of severe gastrointestinal toxicity (Arrieta et al. 2015; Sanchez-Lara et al. 2013) . It is worthy to note that nutritional changes during neoadjuvant treatment should be taken into consideration when adjusting chemotherapy and radiotherapy doses, in order to minimize the CRT-related toxicity in LARC patients. Interestingly, our data revealed that overweight or obese LARC patients were more likely to experience more weight loss during preoperative CRT (shown in Table 1 ). Similarly, a Sweden nationwide cohort study has demonstrated that overweight patients with esophageal cancer were of a higher risk of malnutrition after esophagostomy (Martin and Lagergren 2009) . The possible reason might be attributed to the higher administrated dose of chemotherapy and worse tolerability of CRT toxicity in those patients. In fact, a recent study showed that the risk of dose limiting toxicity was obviously increased in sarcopenic obese esophageal cancer patients (OR 5.54; 95 % CI 1.12-27.44, P = 0.04) (Anandavadivelan et al. 2016 ). Thus, malnutrition should be alerted during adjuvant treatment in overweight or obese LARC patients.
As we have mentioned above, BMI loss during preoperative CRT, which could compromise long-term OS, was common and occurred in 66.2 % of LARC patients. Therefore, it is necessary to pay more attention to the re-evaluation of nutritional status and nutritional balance in the process of anti-cancer therapy. Recently, a prospective study has demonstrated that nutrition support combined with treatment could prolong survival in advanced gastric cancer patients with malnutrition (median survival: 14.3 vs 9.6 months, P = 0.001) (Qiu et al. 2015) . Another small volume randomized trial also confirmed the effectiveness of individualized nutritional counseling and early nutritional education during radiotherapy in improving longterm prognosis in colorectal cancer (Ravasco et al. 2012) . Furthermore, feasible nutrition support during neoadjuvant chemotherapy helped to reduce the incidence of chemotherapy-related toxicities (Miyata et al. 2012) . Thereby, nutritional intervention should be an early approach and targeted for each LARC patient who undergo preoperative CRT, including personalized dietary counseling and artificial nutrition support, based on spontaneous food intake, toxicity tolerance and nutritional status.
Several potential limitations should be acknowledged. First of all, weight loss does not totally represent malnutrition status. Other reported methods for the evaluation include descending change in serum albumin and hemoglobin level during treatment, as well as the scored Patient Generated Subjective Global Assessment (PG-SGA) (Das et al. 2014) . Nevertheless, weight loss is closely related to those parameters, and our data provided an essential clue for further research. Moreover, we failed to evaluate the impact of different body composition changes during CRT on the patient's oncologic outcome. Skeletal muscle and visceral adipose tissue loss might be the genuine factors contributing to poor survival according to the previous report (Dalal et al. 2012 ). Finally, 5-year survival outcome was unavailable due to insufficient follow-up time. This limitation may have led to underestimating the weight loss impact on long-term survival. Despite the limitations mentioned above, our study indeed raised the importance of emphasizing the nutritional status changes and nutrition support during neoadjuvant treatment for LARC patients.
Conclusions
Severe weight loss during preoperative CRT compromised the survival outcome of patients with LARC. Routine accurate monitoring of weight change, patient education and nutritional counseling, as well as proper supplement for nutritional balance during neoadjuvant treatment, are suggested as the integral part of the multidisciplinary approach for treating LARC patients.
